ABSTRACT
INTRODUCTION
Over the years, a cansensus has been reached that creation of technological knowledge and resultant spillovers induce economic growth. As indicators of knowledge creation, patents have been the subject-matter of many theoretical and empirical studies. As such, their impact upon growth has also been broadly examined (e.g., Schmookler, 1966; Lach, 1995; Pianta, 1995; Bloom & Reenen, 2001) . Similarly, the conduciveness of knowledge spillovers on growth whether inter-sectoral or international or both levels are explored intensively (e.g., Verspagen, 1994 Verspagen, , 1997 Eaton & Kortum, 1999) . Schmookler (1966) suggested that long-term economic growth is primarily the result of development in stock of technological knowledge, which is defıned as increase in useful goods and in the knowledge of making them. He noted that such knowledge increases by what was known before becomes more widely known and by new technological knowledge production. Technological accumulation, which is the result of R&D, leaming associated with production and implementation of new investment and resources devoted to accumulation of human capital, differs across countries. This difference manifests itself in terms of technological gap and hence economic growth differs among countries (Patel & Pavitt, 1995; Soete, 1981; Dosi et al., 1990; Fagerberg, 1994) .
Accumulated knowledge does not only benefıt the sectors in which the accumulation takes place, but also benefits other sectors where there is a strong inter-sectoral linkage among these sectors. This process is called spillovers or diffusion. In its more general conception, knowledge spillovers can be defıned as all mechanisms through which finns and industries acquire technology extemally rather than generating it intemally. Accordingly, production of technology and spillovers that it creates has a considerable impact on economic growth. However, technological knowledge can be viewed as a non-riva! good with public good characteristics. When such knowledge is produced, it is possible to use that knowledge without restricting the consumption of others, and without incurring any cost. In this respect, there could be lack of incentives in the production of technology at the fırm or individuallevel. No one may want to incur any cost in the production of knowledge, if they think that everybody can use their technology and they cannot prohibit others from using it. In other words, if the producers of the technology are not compensated for their investment, they do not attempt at any production of technology in the fırst place. In this respect, the patent system is one of the institutions that try to solve this problem, by offering incentives to innovators.
Knowledge spillovers can take two forms: embodied and disembodied. Embodied knowledge spillovers take the fonu of transferred knowledge from the use of intermediate or capital goods developed by other sectors/countries or innovators. Disembodied knowledge spillovers take the form of the spillover of knowledge other than the purchasing of intermediate or capital goods. This may sometimes be an organized process: fınns can buy the patent rights or license an innovation. Disembodied knowledge spillovers usually take the form of spillovers of knowledge produced elsewhere becoming available for the fırm (OECD, 1996: 18) .
Existence oftechnological spillovers, however, does not mean that everybody in the economy could use it. It depends on technological capability of the receiver. l ' In order to use the newly produced knowledge, absorptive capacity ın understanding and applying the technology is necessary.
In the measurement of knowledge/technology spillovers, several methods have been used. These are measuring the spillovers from research activities, the use of technology surveys, technology flows based on patent data and innovation surveys, technology flows on the basis of input-output matrices (for an overview see Cameron, 1996) . Patent citations have also been used as indicators of technology spillovers (Jaffe et al., 1993 , Verspagen & Schoenmakers, 2000 . Although patent protection does not allow for exact copying of the knowledge described, it does not prohibit the building of new knowledge on it. Hence, it creates extemalities to public knowledge.
As in the case of most developing countries, technology-related data sets (especially research and development data) in Turkey are either lacking or inappropriate for comprehensive and revealing analysis. In this regard, the major contribution of this paper is to put raw patent data into use and utilize them to explain the causality flowing from technological knowledge to productivity at sectorallevel for Turkey.
The contribution of knowledge stock to productivity is analyzed for the Turkish manufacturing industry within the period 1985-98. Granted patents to domcstic and foreign applicants are used as a proxy for domestic and foreign knowledge stock, respectively. Description of the data and the model is introduced in seetion 2. Seetion 3 provides concise infannation about the estimation procedure and discusses the estimation results. Fourth seetion is reserved for a number of concluding remarks.
DATA and MODEL
The dataset is a panel of 9 sectors for the Turkish manufacturing industry together with 13 years from 1986 to 1998 1 • The data for output (value added), capital (depreciation allowances) 2 and labor (annual average number of employees)
come from the State Institute of Statistics of Turkey, and the raw patent data from the Turkish Patent Institute. Value added and depreciation allowances are deflated by the respective sectoral price indexes (1990= 1 VO).
1 One observation is lost while calculating the patent stock variables. 2 Unfortunately, appropriate data are unavailable for "capital stock" for manufacturing sectors. Following Taymaz (2001 ) , "depreciation allowances" are utilized asa proxy for capital stock (for a more detailed information see, Taymaz (2001 ) .
In constructing the patent data set, Yale Technology Concordance-Sector of Use assignments (YTC-SOU) are used (Johnson and Evenson, 2001 ) and resultant sectoral domestic and foreign patents are measured as stock variables. Granted domestic and foreign patents by Turkish Patent Institute (TPI) are used in YTC-SOU assignments. YTC-SOU concordance assigns patents into where they are used rather than where they are produced. In this respect it is a measure of total knowledge/technology spillovers obtained from other sectors. In other words, sectoral concordance obtained from YTC-SOU is technology flows for the respective seetar based on patent data. In calculating the stock variable, the approach used by Lach (1995) is followed and depreciation rate is set at 0.15 as in Schankennan & Pakes (1986).
For each industry, the stock ofpatents is calculated as
where Pi, ı is patents grantedin seetar i in year t. Stuck in the beginning year (1985) is calculated fallawing Lach (1995) . (2) where g refers to average annual growth rate of sectoral patent applications 3
• The se sectoral growth rates are used to fınd patent stock for the year of 1985. After the initial stock is calculated, then stocks for each year for each seetar are found. The manufacturing sectors in concordance are aggregated in accordance with ISIC Revision 2 at 2-digit levels. Descriptive sectoral aspects are summarized in Table 1. A conventional Cobb-Douglas production function is utilized in logarithmic form with four inputs; capital (K), labor (L), knowledge stock at domestic level (DP: domestic patent stock) and foreign level (FP: foreign patent stock):
logarithm of the Equation 3 yields,
where A is an industry-specifıc scale factor, i refers to manufacturing sectors, and t indexes time. 
ESTIMATION TECHNIQUES and RESULTS
Panel estimation is used where the data set combines both time series and cross sections. The main advantage of a panel data set over a cross seetion is that it permits greater flexibility in modeling differences in behavior across individuals (Greene, 2000:559-60 ). The framework is (5) where ai is individual effect which is constant over time t and specific to the individual cross-sectional unit i (i=l.. ... ,9) and (t=1985, ...... ,1998). There are K regressors in Xiı excluding constant term and Eiı is the error term. As it stands, equation 5 is a classical regression model. There are two basic approaches to generalize this model. These are fixed-effect and random-effect approach. In the fi.rst one, ai is taken as group specific constant term in the regression model while in the latter one, ai is a group specific disturbance.
Panel data settings can be used for examining dynamic effects as well;
However, serious problems arise in estimating equation 6 with fixed or random effeet model due to existenee of the lagged dependent variable, sinee lagged dependent variable is correlated with the disturbance even it is assumed that Eiı is not itself autoeorrelated (Greene, 2000:583) .
Heterogeneity can be swept away from the model in either the fixed or random effects cases when first difference is taken. First differences of the series are taken to remove the individual fixed effects, ai.
There still remains a problem due to the correlation between (Yi, 1 _ 1 -Yi. ı-ı), the lagged dependent variables and (Eiı-Eiı-1 ), disturbances. Without the group effects, solution to this problem is to estimate the dynamic model with instrumental variables estimator proposed by Anderson & Hsiao (1981) and later GMM type estimator proposed by Arellano & Bond (1991) . Anderson & Hsiao recommend using of a lag of the variable, either the lagged difference (Yi, ı-ı -Yi, t-3) or the lagged levels, Yi, ı-ı and Yi, ı-3 as instruments for (Yi, ı-1 -Yi, ı-2 ). These instruments are correlated with the explanatory variables, but not with the error term. This instrumental estimator is a consistent estimator for a dynamie panel data model but not an efficient estimator as suggested by Arellano & Bond (199 1) since it does not make use of all available information. That is additicnal instruments can be gained if all possible orthogonality conditions are used; i.e. E(Yi, ı-ı , Eiı-Eiı-1) =O, E(Yi. ı-3 , Eiı-Eiı-1 ) =O ete., or ina more conerete term E(Yis , Eiı-Eiı-1 ) = O s=O, ...... , t-2, t=2, .... T. This means that if the lagged observation Yi, ı-ı is not correlated with the error Eiı-Eit-1 , any further lag Yi. ı-3, Yi, ı-4, ete. is not correlated with the error term Eiı -Eiı-1 either and thus is a valid instrument. Henee, it is suggested that all available lagged variables should be taken as instruments.
The GMM estimator thus uses all available lags in levels of the dependent variable and of the regressors as instruments to correct for possible simultaneity. GMM estimators use variables in differences to eliminate unobservable individual effeets. One can use a one-step or a two-step GMM estimator. The one-step estimator, GMMl, assumes that errors are homoscedastic across units and over time, while the two-step estimator GMM2, allows for heteroscedastieity of errors (Doomik & Hendry, 2001 ). Bond et al. (2001) suggest that in studying economic Contribution Of Knowledge Stock To Produaivity: An Empiricallnvestigation For Turkey 1 33 growth, fırst-differenced GMM (denoted by GMM-DIF) estimator has important advantages over simple crass-seetion regressions and other estimation methods for dynamic panel data models. These advantages are;
• there will no langer be estimation bias due to omitted variables that are constant over time,
• parameters are estimated consistently in models which include endogenous right-hand side variables due to the use of instrumental variables,
• the use of instruments potentially allows consistent estimation even there exists measurement error.
Although fırst-difference GMM has several advantages, it has stili drawbacks as Bond et al. (2001) and Blundell et al. (2000) suggest. Firstly, large fınite sample biases can occur when instrumental variables are weak. Secondly, when the time series are persistent and the number of time series observations is small, the fırst differenced GMM estimator is poorly behaved. Blundell & Bond (1998 show that the lagged levels of a series provide weak instruments for fırst differences. In order to overcome this problem, they suggest taking into account additional nonlİnear moment conditions that is adding (T -2) equations in levels with variables in differences as instruments. Blundell & Bond (1998 develop the System-GMM (denoted by GMM-SYS) estimator which uses lagged first-differences as instruments for equations in levels, in addition to the usual lagged levels as instruments for equations in fırst differences. System-GMM estimator combining equations in levels with equations in fırst differences provides gains in asymptotic efficiency relative to the fırst-difference GMM estimator (Bond et al., 2001 , Blundell et al., 2000 .
System-GMM estimators earlier suggested by Arellano & Bover (1995) and later by Blundell & Bond (1998) perform better compared to other GMM type estimators. Blundell et al. (2000) canfırın that GMM-SYS estimator improve the precision and reduce the fınite sample bias by Monte Carlo simulation. These fındings are also supported by empirical evidence. In an application of GMM -SYS and other GMM type estimations to Cobb-Douglas production function for the R&D performing US manufacturing companies, a marked improvement in the empirical results are obtained by GMM-System estimation: specifıcally a higher and strongly signifıcant capital coeffıcient is found (Blundell & Bond, 1999) .
There are some diagnostic tests in dynamic panel data estimation by GMM method suggested by Arellano & Bond (1991) to test the \'::tlidity of the model specifıcation. The fırst test statistic for testing the overall signifıcance of the independent variables is a Wald tesl The second test statistic for testing the validity of the GMM instruments is Sargan test of over-identifying restrictions.
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The validity of additional instruments usedin GMM-SYS estimation can be tested by a Difference-Sargan test statistic. The statistic is simply the difference between the two · Sargan test statistics computed with the GMM-SYS and GMM-DIF estimates respectivell. Arellano & Bond (1991) assume lack of serial correlation but not necessarily independence over time in the context of consistent GMM estimates. Two test statistics are computed to test for the absence of fırst-and second-order serial correlations in the fırst differenced residuals, which are denoted by m 1 and m 2 • These two statistics have standard normal distributions asymptotically. It is noted that if there is no serial correlation in disturbances vu then, there should be evidence of signifıcant negative fırst-order serial correlation in differenced residuals (vit -vi,t-ı) , and no evidence of second-order serial correlation in the differenced residuals (Doomik & Hendry, 2001: 69) .
In sum, in panel data settings, using generalized method of moments (GMM) estimation approach rather than the OLS approach provides several advantages. Unlike OLS, GMM estimation allows for a control over i) heterogeneity resulting from sector-specifıc effects, ii) simultaneity between these individual effects and the regressors, and iii) problem of potential endogeneity of the regressors. When the two-step GMM-System estimation is compared with the other GMM type estimators, Blundell et all. (2000) showed that GMM-System estimator performed better compared to other GMM type estimators such that GMM-System estimator improves the precision and reduces the fınite sample bias. Therefore, the superiority of a GMM type estimation approach in dynamic modeling of the production function is obvious.
4 W ald test is asymptotically distributed as x2 with the degrees of freedoru conıputed with respect to the number of restricted coefficients. The same statistics can also be computed to test the statistical significances of the time and individual effects.
5 This test is asymptotically distributed as x2 with the degrees of freedonı computed with respect to the number of the over-identification restrictions.
6 The distribution of this statistic is x2 with the degrees of freedom equal to the number of instruments used in levels equations. However, only the two-step GMM estimation produces heteroskedasticity-consistent Sargan tes ts (Doornik & Hendry, 200 I: 69). This study makes use of a system GMM estimation, which results in asymptotically more effıcient standard errors than a one-step GMM estimation.
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(for more detailed information see Blundell & Bond, 1999; Blundell et al., 2000; Bond et al., 2001; Doomik & Hendry, 2001 ).
Estimation results are presented in table 2 below. Results for the "pooled OLS regression" and "within estimation" are reported with and without lags for comparison purposes with respect to GMM-Difference (GMM-DIF) and GMMSystem (GMM-SYS).
8 For its above-mentioned superiority, only GMM-SYS results are discussed.
According to GMM-System estimation results, coeffıcients are jointly different from zero and time duımnies are signifıcant. The Sargan test statistics approve the validity of the GMM instruments. Furthennore, the Difference-Sargan test provides no evidence to reject the null hypothesis of the validity of the additional instruments usedin the GMM-SYS estimation.
AR (1) and AR (2) are tests for fırst-and second-order serial correlations, which is asymptotically distributed as N (0, 1 ). If there is no serial correlation in disturbances, vit, then there is evidence of signifıcant negative fırst-order serial correlation in differenced residuals (vit -vi, t-1) , and no evidence of second-order serial correlation in the differenced residuals in the GMM-System estimation (Doomik & Hendry, 2001: 69) . According to AR (1) and AR (2) test statistics, the consistency of the GMM estimators is verifıed by the existence of fırst-order serial correlation and absence of second-order serial correlation in the differenced residuals.
GMM-System results indicate that all variables (labor, capital, domestic and foreign patents) have positive and signifıcant coeffıcients. Coeffıcients oflabor and capital are 0.18 and 0.34, respectively; whereas corresponding values for domestic and foreign patents are 0.05 and 0.09. Highest coeffıcient value belongs to capital followed by labor and foreign patents. Domestic knowledge stock has relatively smaller coeffıcient.
7 The standard errors of the coefficients are computed with a sma11 sample variance correction, as suggested by Windmeijer (2000) , to eliminale the downward bi as in the standard errors of the twostep estimators. (2001) . In the models without lags, both pooled OLS and "within estimation" generate fırst-and second-order autocorrelation (column 1 and 3). Hence, these ınodels are estimated with lagged variabtes (column 2 and 4), whereby we get rid of the problem of auto-correlation. In turn, this is suggestive of a dynaınic panel. Thus, GMM-DIF and GMM-SYS (coluınn 5 and 6) are utilized. • It is noteworthy that these values are relatively small for technology-related factors as compared to those for the traditional factors (labor and capital) for Turkey. Although their values small, they stili infinence productivity positively and significantly. In spite of the fact that Turkey' s national system of innovation is quite immature, technological knowledge, through both domestic and foreign sources, shows up as conducive factors.
CONCLUSION
The purpose of this study was to examine the contribution of knowledge stock to productivity in Turkey. The empirical result suggests that knowledge stock by domestic and foreign sources is important detenninants of manufacturing productivity. These findings reveal the importance of the development of a strong national system of innovation. As far as the cnıcial phenomenon of long-term and sustained growth is concemed, knowledge creation at home and capacity of a country to absorb knowledge created abroad are fundamental issues. Therefore, science and technology policies is to be carefully designed so as to i) encourage technology production by domestic initiatives, and ii) constnıct a rigorous technological infrastnıcture that is conducive to rapid adaptation and adoption of transferred technology.
Although, supportive S&T policies for the encouragement of domestic inventiveness and the provision ofbetter technological infrastnıcture are important and necessary conditions for a strong national innovation system, they are yet not sufficient. What is further needed is to get acquainted with high-tech activities, which exhibit particularly superior aspects in general. It is because, spillover effects from high-tech to low-and medium-tech industries are more intensive and high-tech industries posses higher leaming potential. Therefore, technology policies in Turkey should aim at shifting S&T activities towards more technologyintensive products and processes so that not only high-tech sectors' productivity effects can be attained but also their knowledge spillovers to medium-and lowtech industries can be gained for Turkey. Wells's (1960) qualification should be kept in mind: Knowledge .... might be a cultivated crop, responsive to fertilizers.
